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INTRODUCTION 

Coal /water  m i x t u r e s  (CWM) provide  b o i l e r  and furnace  o p e r a t o r s  with t h e  op- 
p o r t u n i t y  t o  r e p l a c e  n a t u r a l  gas  or o i l  w i t h  c o a l .  L W  c a n  be pumped, s t o r e d ,  
and atomized l i k e  a l i q u i d  f u e l ;  t h u s  i t  h a s  advantages  o v e r  p u l v e r i z e d  c o a l .  
However, u n l i k e  n a t u r a l  gas  o r  o i l ,  c o a l  c o n t a i n s  s i g n i f i c a n t  q u a n t i t i e s  o f  in- 
organic  m a t e r i a l  ( a s h )  which can a d v e r s e l y  i n f l u e n c e  b o i l e r  performance and f u e l -  
handl ing  equipment. Burners  can  be  modi f ied  t o  provide  s a t i s f a c t o r y  i g n i t i o n  and 
flame s t a b i l i t y  c h a r a c t e r i s t i c s  w i t h  CWM and problems a s s o c i a t e d  w i t h  n o z z l e  
l i f e t i m e  can be so lved .  However, t o  s o l v e  problems a s s o c i a t e d  w i t h  ash,  we w i l l  
probably have t o  r e s o r t  t o  c o a l  b e n e f i c i a t i o n ,  d e r a t i n g ,  or both.  Based on 
a v a i l a b l e  d a t a ,  t h e  optimum l e v e l  o f  c o a l  b e n e f i c i a t i o n  cannot  be def ined .  It 
w i l l  be determined from t r a d e - o f f s  among b e n e f i c i a t i o n ,  b u r n e r ,  and b o i l e r /  

\ furnace- re la ted  c o s t s .  

1 CWM i s  c l e a r l y  o u t s i d e  t h e  range  of f u e l  parameters  used t o  des ign  most o i l  
\ and g a s - f i r e d  u n i t s .  Not on ly  are t h e  p h y s i c a l  p r o p e r t i e s  of t h e  f u e l  d i f f e r e n t ,  

b u t  t h e  ash  and s u l f u r  c o n t e n t  of CWM i s  a t  least s e v e r a l  o r d e r s  of  magnitude 
h i g h e r  than  i t  is i n  most o i l  and gas  f u e l s .  The d i f f e r e n c e s  i n  f u e l  p r o p e r t i e s  '\ c a n  c a u s e  problems i n  v i r t u a l l y  every  p o r t i o n  of t h e  f i r i n g  sys tem/furnace .  Fig- 
u r e  1 i l l u s t r a t e s  some o f  t h e s e  problems,  which must be  addressed  and so lved  i f  
CWM i s  t o  be used s u c c e s s f u l l y .  

EFFECTS OF FUEL PROPERTIES 

Fuel  p r o p e r t i e s  and t h e  e x t e n t  of  c o a l  c l e a n i n g  w i l l  a f f e c t  t h e  p o t e n t i a l  
c o s t  of  f i r i n g  CWM i n  b o i l e r s .  Fue l  p r o p e r t i e s  w i l l  a f f e c t :  

Emission of  p o l l u t a n t s  

A v a i l a b i l i t y .  

I g n i t i o n  and s t a b i l i t y  o f  CWM flame 

I g n i t i o n  and Flame S t a b i l i t y  

S a t i s f a c t o r y  i g n i t i o n  and flame s t a b i l i t y  wi th  adequate  turndown r a t i o  a r e  
e s s e n t i a l  t o  t h e  s u c c e s s f u l  use  of CWM. I g n i t i o n  and f lame s t a b i l i t y  a r e  r e l a t e d  
and are  c o n t r o l l e d  by t h e  aerodynamics of t h e  f lame,  h e a t  t r a n s f e r  i n  and o u t  of 
t h e  i g n i t i o n  zone, and f u e l  p r o p e r t i e s .  The most impor tan t  f u e l  p r o p e r t y  i s  vol -  
a t i l i t y .  To achieve  adequate  i g n i t i o n  and flame s t a b i l i t y ,  t h e  c o a l  must be  
hea ted  t o  t h e  p o i n t  where t h e  f u e l  d e v o l a t i l i z e s  and i g n i t e s .  Although water  i n  
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CWM makes i t  more d i f f i c u l t  t o  i g n i t e  t h a n  c o a l s  with less m o i s t u r e ,  n a t u r a l l y  
occcurr ing  c o a l s  and wood bark  w i t h  up t o  60-percent  mois ture  have been success-  
f u l  l y  burned commercia 1 l y  . 

Emissions 

Many o i l -  and g a s - f i r e d  b o i l e r s  a r e  l o c a t e d  i n  areas t h a t  a l r e a d y  have s ig-  
n i f i c a n t  emiss ions  problems. Hence s t e p s  must be  taken  t o  c o n t r o l  p a r t i c u l a t e  
emissions from CWM f i r i n g  which, a l t h o u g h  g r e a t e r  than  from gas  or o i l ,  can be 
adequate ly  c o n t r o l l e d  by e l e c t r o s t a t i c  p r e c i p i t a t o r s  o r  bag f i l t e r s .  

Temperatures i n  CWM-fired b o i l e r s  may b e  somewhat lower t h a n  i n  o i l -  o r  gas- 
f i r e d  b o i l e r s ,  t ending  t o  s u p p r e s s  t h e  f o r m a t i o n  of  thermal  NO,. However, f u e l  
NO, i s  tempera ture  i n s e n s i t i v e ,  and CWM w i l l  have a h i g h e r  f u e l  n i t r o g e n  conten t  
t h a n  o i l  o r  gas .  Thus NO, emiss ions  a r e  expec ted  t o  be  h i g h e r .  NOx c a n  be con- 
t r o l l e d  by a range  o f  techniques .  Burner  and combustion m o d i f i c a t i o n s  have been 
s u c c e s s f u l l y  a p p l i e d  t o  reduce  NOx e m i s s i o n s  when combusting c o a l  t o  l e v e l s  com- 
p a r a b l e  t o  t h o s e  w i t h  o i l  f i r i n g .  

The p o t e n t i a l  f o r  s u l f u r  o x i d e  (SO,) emiss ions  can  be h i g h e r  when f i r i n g  CWM 
t h a n  f o r  o i l  or gas f i r i n g .  Even though most of t h e  c o a l s  cons idered  f o r  CWM 
w i l l  be c leaned  t o  some e x t e n t ,  t h e y  w i l l  be h i g h e r  i n  s u l f u r  t h a n  most o i l s .  
Although SO, can  be c o n t r o l l e d  by f l u e  gas  d e s u l f u r i z a t i o n  (FGD), t h i s  technique  
i s  expensive and t roublesome and is r a r e l y  used on o i l - f i r e d  u n i t s .  The a n t i c i -  
pa ted  low flame tempera tures  i n  t h e  b o i l e r  and i n t i m a t e  mixing of  water i n  CUM 
f i r i n g  o f f e r  p o t e n t i a l  f o r  removing s u l f u r  compounds i n  t h e  furnace  by i n j e c t i o n  
of calcium compounds. Furnace i n j e c t i o n  of  t h e  s o r b e n t  is  much less expens ive  
t h a n  FGD. There i s  a n  a d d i t i o n a l  advantage  t o  t h i s  approach f o r  u s e  wi th  benefi-  
c i a t e d  CWM. For  new, l a r g e  u n i t s ,  F e d e r a l  r e g u l a t i o n s  r e q u i r e  a 90-percent re- 
d u c t i o n  o f  SO, when f i r i n g  h i g h - s u l f u r  c o a l s .  T h i s  l e v e l  of removal cannot  be 
achieved s o l e l y  by s o r b e n t  i n j e c t i o n  i n  a b o i l e r .  However, s u l f u r  removed dur ing  
b e n e f i c i a t i o n  of t h e  c o a l s  i s  c r e d i t e d  toward t o t a l  s u l f u r  removal. Therefore ,  
i f  c a p t u r e  i n  t h e  b o i l e r  can  remove a s i g n i f i c a n t  f r a c t i o n  of t h e  s u l f u r ,  t h e  re- 
q u i r e d  SO, r e d u c t i o n  can be achieved .  

I 
/ 

I 

A v a i l a b i l i t y  

Fuel  p r o p e r t i e s  d e f i n i t e l y  a f f e c t  b o i l e r  a v a i l a b i l i t y .  The p o t e n t i a l  prob- 
l e m s  from f i r i n g  CWM i n  b o i l e r s  des igned  t o  f i r e  o i l  o r  g a s  a r e  worse t h a n  they 
w i l l  be when f i r i n g  i t  i n  b o i l e r s  des igned  f o r  c o a l .  The c o s t  o f  a n  i n o p e r a t i v e  
500-MWe b o i l e r  exceeds $100,00O/day. The down t i m e  of an average  c o a l - f i r e d  
b o i l e r  i n  t h e  United S t a t e s  i s  a lmost  30 days a year--at  a c o s t  of $3 m i l l i o n .  
About 60 p e r c e n t  of  t h e  down t i m e  i s  caused by b o i l e r  problems; ash  c h a r a c t e r -  
i s t i c s - - b o t h  q u a n t i t y  and q u a l i t y  o f  cons t i tuents - -account  f o r  a s i g n i f i c a n t  por- 
t i o n  of t h i s  t i m e .  

Table  1 compares parameters  f o r  gas-, o i l - ,  and c o a l - f i r e d  b o i l e r s .  Heat- 
release r a t e s  and tube-bank v e l o c i t i e s  a r e  s m a l l e r  and tube  s p a c i n g s  i n  t h e  
s u p e r h e a t e r  a r e  g r e a t e r  i n  a c o a l - f i r e d  b o i l e r .  CWM i n t r o d u c e s  more ash ,  which 
can  promote f o u l i n g ,  s l a g g i n g ,  and e r o s i o n  and i t  may c o n t a i n  corrosion-promoting 
materials. 

F i g u r e  1 shows p o t e n t i a l  problem a r e a s  where s l a g g i n g  and f o u l i n g  c a n  occur 
when f i r i n g  c o a l  i n  a u t i l i t y - s i z e  b o i l e r .  
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Table 1 C h a r a c t e r i s t i c s  of  Gas-, O i l - ,  and Coal-Fired B o i l e r s  

D e s c r i p t i o n  - Gas - O i l  Coal 

Furnace Volume, R e l a t i v e  1 1.3 1 .9  

Furnace S u r f a c e  Area, R e l a t i v e  1 1.3 1.7 

Heat Release/Volume 
( lo6  B t u / h . f t * )  

25-50 25-50 10-22 

Heat Release/Cooled S u r f a c e  200 200 70-120 
( l o 6  B t u / h ' f t 2 )  

Tube Bank V e l o c i t i e s  ( f t / s )  120 90 40-70 

Superhea ter  Spacing ( i n . )  2 4-6 8-16+ 

Diff icul t - to-remove s l a g  d e p o s i t s  reduce h e a t  f l u x  through t h e  w a l l ,  in- 
c r e a s i n g  furnace  tempera ture .  T h i s  d e p o s i t / t e m p e r a t u r e  c y c l e  c a n  r e s u l t  i n  
load r e d u c t i o n  or shutdown. 

A s  c o a l  f i r i n g  r a t e s  a r e  increased  t o  provide  h e a t - r e l e a s e  r a t e s  e q u i v a l e n t  
t o  t h o s e  r e q u i r e d  i n  an o i l - f i r e d  b o i l e r ,  s l a g g i n g  may r e s u l t .  The h i g h e r  h e a t -  
r e l e a s e  and h e a t - t r a n s f e r  r a t e s  promote m e l t i n g  of p a r t i c l e s  f l u n g  t o  t h e  w a l l  
above t h e  burners .  T h i s  a c t i o n  reduces  t h e  f u r n a c e  h e a t  e x t r a c t i o n  r a t e ,  a l lows  
h i g h e r  tempera tures  t o  e x i s t  i n  t h e  upper  f u r n a c e ,  and i n c r e a s e s  t h e  p r o s p e c t s  
of  f o u l i n g  t h e  s u p e r h e a t e r .  Consequent ly ,  s l a g g i n g  c o u l d  i n h i b i t  t h e  u s e  o f  CWM 
i n  b o i l e r s  des igned  t o  f i r e  o i l  or gas.  

TESTING 

Hydraul ic  and burner  t e s t i n g  have been performed a t  Forney Engineer ing  Com- 
pany i n  Addison, Texas. A tes t  program i n i t i a t e d  i n  1981 i n  c o l l a b o r a t i o n  w i t h  
a major Uni ted  S t a t e s  CWM vendor inc luded  requi rements  t o  s t o r e ,  pump, t r a n s p o r t ,  
and burn CWM. The h y d r a u l i c  test loop had t y p i c a l  c o n n e c t o r s  and p i p i n g ,  in- 
c l u d i n g  two 10-f t  s e c t i o n s  of  1- and 2-in. Schedule  40 pipe .  The test furnace  
i s  an 8- f t -d ia  c y l i n d r i c a l  furnace  wi th  a water  j a c k e t .  I t  i s  capable  of 70 
x I O 6  Btu/h  f o r  s h o r t  d u r a t i o n s  and up t o  40 x I O 6  Btu/h cont inuous ly .  The 
furnace  system i n c l u d e s  a f o r c e d - d r a f t  f a n  wi th  an i n - l i n e  combustion a i r  h e a t e r  
(gas  f i r e d ) ,  a s team g e n e r a t o r  f o r  a tomiz ing  steam, a n  a i r  compressor f o r  a t o -  
mizing a i r ,  and an i g n i t o r  system t h a t  u s e s  No. 2 o i l  or n a t u r a l  gas .  The 
windbox can  b e  e a s i l y  d isconnec ted  from t h e  f u r n a c e  and a i r  d u c t  t o  f a c i l i t a t e  
changing c o n f i g u r a t i o n s .  

S e v e r a l  pumps were t e s t e d .  Diaphram and vane t y p e s  were t roublesome,  
wi th  d i s c h a r g e  p u l s a t i o n s  and accumulat ions i n  t h e  l i q u i d  end. The p r o g r e s s i v e  
c a v i t y  pump was t h e  most s u c c e s s f u l  b u t  r e q u i r e d  s p e c i a l  c a r e  d u r i n g  extended 
p e r i o d s  of  shutdown. 
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Based on CWM p r o p e r t i e s ,  t h e  f o l l o w i n g  needs were i d e n t i f i e d  f o r  burner  t i p  
des ign:  

Rapid mixing of t h e  air  and f u e l  t o  d r y  and i g n i t e  t h e  c o a l  i n  t h e  primary re- 
c i r c u l a t i o n  zone. 

A s t r o n g  r e c i r c u l a t i o n  zone maintained t o  c r e a t e  a h i g h l y  r a d i a n t  burning zone 
i n  t h e  burner  t h r o a t  t o  d r y  t h e  c o a l .  

No flame c o n t a c t  on any b u r n e r  p a r t  because of  a n t i c i p a t e d  s l a g g i n g  problems. 

Convent ional  burner  p a r t s  f o r  e a s e  i n  r e t r o f i t  a p p l i c a t i o n s .  

FoKney h a s  s e v e r a l  commercial burner  des igns  f o r  v a r i o u s  a p p l i c a t i o n s :  

P a r a l l e l  A i r  Flow (PAF) 

- F a s t  mixing 

- Low e x c e s s  a i r  a p p l i c a t i o n s  

Rota t ing  A i r  R e g i s t e r  (RAR): 
Highly t u r b u l e n t  

o Variab le  Flame P a t t e r n  (VFP): V a r i a t i o n  of PAF wi th  flame-shaping a b i l i t y  
with r o t a t i o n a l  secondary a i r  r e g i s t e r .  

H i s t o r i c a l l y ,  Y - j e t  (YJ)  and i n t e r n a l  mix (IM) a tomizers  had been success-  I 

f u l l y  used w i t h  h igh-gravi ty  f u e l s .  We a t tempted  t o  adopt  t h e  b a s i c  f e a t u r e s  of  

t h a n  i n d i v i d u a l  o r i f i c e s .  Concepts  f o r  bo th  a tomizer  t i p s ,  shown i n  F i g u r e  2 ,  
have been pa ten ted .  

each  i n  two d i f f e r e n t  a tomizer  designs--both i n c o r p o r a t i n g  a c o n i c a l  plug r a t h e r  i l  

A f t e r  a m a t r i x  o f  tests i n c l u d i n g  Y J  and I M  a tomizers  i n  RAR and VFP a i r  
r e g i s t e r s ,  t h e  fo l lowing  requi rements  were noted:  

Burner  with two a i r f l o w  p a t h s  wi th  the primary p a t h  having  a r o t a t i o n a l ,  low 
f low 

8 Secondary a i r f l o w  wi th  h igh  s w i r l  t o  provide  t h e  r e c i r c u l a t i o n  zone 

Means o f  provid ing  a h i g h l y  r a d i a n t  zone a t  burner  e x i t .  

These c o n s i d e r a t i o n s  were inc luded  i n  t h e  d e s i g n  shown i n  F i g u r e  3. Thia  
p a t e n t e d  design provides  d u a l  v e l o c i t i e s  and two-throat c o n f i g u r a t i o n  t o  m a i n t a i n  
a r a d i a n t  zone a t  t h e  burner  e x i t .  A series of  t es t s  were s u c c e s s f u l l y  conducted 
under  t h e  usua l  burner  performance parameters .  
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BOILER DESIGN VS. CONVERSION POTENTIAL 

Designs of e x i s t i n g  u t i l i t y  steam g e n e r a t o r s  vary  s u b s t a n t i a l l y  depending 
upon t h e  o r i g i n a l  des ign  f u e l .  Genera l ly ,  t h e  pressure-par t  arrangement of  a 
b o i l e r  can  be c l a s s i f i e d  a s  one of  t h e  fo l lowing  types :  

0 Category A Unit--Two pass  (Coal/Oil-Gas) 

0 Category B Unit--Two pass  (Oi l /Gas)  

0 Category C Unit-- Box type  (Oil /Gas o r  Gas o n l y ) .  

The d e s i g n  c o n f i g u r a t i o n  of each type  of u n i t  g r e a t l y  a f f e c t s  i t s  convers ion  
p o t e n t i a l  i n  terms of  both c a p i t a l  e x p e n d i t u r e  and d e r a t i n g  requi rements .  Fig- 
u r e  4 shows a comparison of u n i t  c o n f i g u r a t i o n s  t h a t  w i l l  be  d i s c u s s e d .  

Category A Unit-- Two Pass  (Coal/Oil-Gas) 

Design Fea tures .  This  type  u n i t  i s  c h a r a c t e r i z e d  by a generous ly  s i z e d  fur -  
nace  ( i . e . ,  l a r g e  p l a n  a r e a  and a s u b s t a n t i a l  d i s t a n c e  from t h e  burner  zone t o  
t h e  f i r s t  v e r t i c a l  r a d i a n t  s u r f a c e  a t  t h e  f u r n a c e  e x i t ) .  These f e a t u r e s  r e s u l t  
i n  a s u f f i c i e n t  r a d i a n t  a b s o r p t i o n  i n  t h e  furnace  a r e a ,  which lowers  t h e  furnace  
e x i t  gas  tempera ture  e n t e r i n g  t h e  v e r t i c a l  convec t ion  s e c t i o n s ,  t h u s  l i m i t i n g  
s l a g  formation.  Also  t y p i c a l  o f  t h i s  t y p e  of  u n i t  is a lower f u r n a c e  hopper 
s l o p e  of at l e a s t  45 t o  50 deg and a hopper  t h r o a t  opening of  approximately 3 t o  
4 f t ,  both of which f a c i l i t a t e  bottom ash  c o l l e c t i o n  and removal. The horizon-  
t a l  convec t ion  p a s s e s  of  a Category A s team g e n e r a t o r  are des igned  wi th  adequate  
tube-to- tube c l e a r  spac ing  t o  p r o h i b i t  f o u l i n g  and p o s s i b l e  p lugging  and t o  alle- 
v i a t e  excess ive  f l u e  gas  v e l o c i t i e s  and a s s o c i a t e d  t u b e  e r o s i o n  p o s s i b i l i t i e s .  

T h i s  type  of u n i t  was o r i g i n a l l y  in tended  f o r  burn ing  
c o a l  a s  i t s  primary f u e l .  Therefore ,  it should achieve  f u l l  load  output  i f  re- 
conver ted  t o  a s i m i l a r  type  o f  c o a l  o r  a CWM. The c a p i t a l  expense of t h e  b o i l e r  
p o r t i o n  of t h e  convers ion  would be l i m i t e d  t o  re furb ishment  of o r i g i n a l  equip-  
ment, normal maintenance,  and p o l l u t i o n  c o n t r o l  upgrading,  i f  requi red .  

Conversion P o t e n t i a l .  

Category B Unit-- Two Pass  (Oil /Gas)  

Design Fea tures .  The Category B c l a s s i f i c a t i o n  i n c l u d e s  t h o s e  steam genera-  
t o r s  w i t h  a furnace  c o n f i g u r a t i o n  s i m i l a r  t o  t h a t  of  a Category A u n i t  b u t  w i t h  
a less c o n s e r v a t i v e  convec t ion  pass  arrangement .  T h i s  t y p e  of u n i t  was o r i g i -  
n a l l y  designed f o r  o i l  o r  g a s  f i r i n g .  The s i m i l a r i t i e s  i n  furnace  arrangement 
when compared wi th  t h e  u n i t  p rev ious ly  d i s c u s s e d  are r e a d i l y  apparent .  Gener- 
a l l y ,  t h e  furnace  of  a Category B steam g e n e r a t o r  is  smaller t h a n  t h a t  of  a 
Category A steam g e n e r a t o r .  S p e c i f i c a l l y ,  t h e  former has  a lower furnace  hopper 
s l o p e  and opening and t h e  f u r n a c e  p lan  a r e a  i s  n o t  a s  c o n s e r v a t i v e .  However, 
t h e  o v e r a l l  furnace  d e s i g n  f o r  t h i s  type  o f  u n i t  i s  conducive t o  t h e  f i r i n g  of 
an ash-laden f u e l .  F o r  t h i s  reason ,  based s o l e l y  on furnace  d e s i g n  c r i t e r i a ,  
a Category B u n i t  i s  a v i a b l e  c a n d i d a t e  f o r  convers ion  t o  pulver ized-coa l  o r  CWM 
f i r i n g  wi th  minimal o r  no u n i t  d e r a t i n g .  
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However, t h e  convec t ion  pass  arrangement  i n  t h i s  u n i t  can p r e s e n t  s e v e r a l  
major o b s t a c l e s  when c o n v e r t i n g  t o  c o a l  or a coa l -der ived  f u e l .  The c l e a r  spac-  
ings between t u b e  s e c t i o n s  o f  a Category B u n i t  a r e  less than  t h o s e  of s Cate- 
gory A u n i t .  I f  such a u n i t  were t o  f i r e  c o a l  or a coa l -der ived  f u e l ,  e x c e s s i v e  
f o u l i n g  or e r o s i o n  of  t h e  t u b e s  could  r e s u l t ,  s i n c e  t h e  f l u e  gas  tempera ture  and 
v e l o c i t y  of t h e  u n i t  would exceed t h e  a c c e p t a b l e  v a l u e s  €or o i l  f i r i n g .  To de- 
c r e a s e  f l u e  gas  tempera tures  and v e l o c i t i e s  so t h a t  t h e  p o t e n t i a l  f o r  f o u l i n g  or 
e r o s i o n  o f  e x i s t i n g  convec t ion  pass  t u b e  banks can  be  reduced, t h e  maximum u n i t  
load must be  r e s t r i c t e d .  These  d e s i g n  c o n s t r a i n t s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  
f u e l  b e i n g  cons idered ,  p a r t i c u l a r l y  t h e  q u a n t i t y  and q u a l i t y  of i t s  ash.  There- 
f o r e ,  as might be expec ted ,  t h e  d e r a t i n g  requi rements  f o r  c o a l  and CWM vary .  

Conversion Potent ia l - -Coal .  Coal i n h e r e n t l y  has  t h e  h i g h e s t  a s h  c o n t e n t  of 
t h e  f u e l s  be ing  cons idered  and w i l l  a l s o  e x h i b i t  t h e  h i g h e s t  furnace  e x i t  g a s  
tempera ture  f o r  any p a r t i c u l a r  b o i l e r  load and furnace  s i z e .  Consequent ly ,  
t h e  p o t e n t i a l  f o r  convec t ion  p a s s  f o u l i n g  and t u b e  e r o s i o n  can restrict  t h e  max- 
imum a l lowable  o u t p u t  t o  approximate ly  70 p e r c e n t  of t h e  d e s i g n  r a t i n g  of a 
Category B Unit .  This  d e r a t i n g  requi rement  c a n  o f t e n  be minimized or e l i m i n a t e d  
through s u b s t a n t i a l  p r e s s u r e - p a r t  m o d i f i c a t i o n .  As i n d i c a t e d  previous ly ,  t h e  
furnace  of  such a u n i t  i s  normally c a p a b l e  o f  s u p p o r t i n g  f u l l  ou tput  w h i l e  f i r i n g  
c o a l ,  and t h u s  m o d i f i c a t i o n s  t o  t h e  f u r n a c e  (which would be p r o h i b i t i v e l y  expen- 
s i v e )  would g e n e r a l l y  not  be r e q u i r e d .  

Conversion Potential--CWM. Because of t h e  ash  and s u l f u r  r e d u c t i o n s  t h a t  
occur  dur ing  t h e  f u e l  p r e p a r a t i o n  p r o c e s s ,  a Category B u n i t  c a n  b e  conver ted  t o  
CWM f i r i n g  wi th  less d e r a t i n g  t h a n  would be r e q u i r e d  wi th  c o a l .  Reduct ions i n  
a s h  (approximately 70 t o  90 p e r c e n t )  and s u l f u r  (50  t o  70 p e r c e n t )  a r e  p o s s i b l e  
d u r i n g  CWM b e n e f i c i a t i o n .  Fur thermore ,  t h e  a s h  f u s i o n  tempera tures  o €  a benef i -  
c i a t e d  CWM are 100 t o  200’F h i g h e r  t h a n  t h o s e  o f  t h e  p a r e n t  c o a l .  

Consequently, h i g h e r  f u r n a c e  e x i t  gas  tempera tures  a r e  a l l o w a b l e  when f i r i n g  
CWM as opposed t o  c o a l .  In a Category B b o i l e r ,  h i g h e r  tempera tures  t r a n s l a t e  
t o  a n  a l lowable  load of  approximate ly  80 t o  90 percent  of f u l l  u n i t  o u t p u t .  
Again, convect ion pass  p r e s s u r e - p a r t  m o d i f i c a t i o n s  could  p o s s i b l y  r e s t o r e  such a 
u n i t  t o  f u l l  l o a d  c a p a b i l i t y  while f i r i n g  a CWM. 

Category C Unit--Box Type (Oil /Gas or Gas Only) 

A Category C u n i t  could be  s u b j e c t  t o  a c o n s i d e r a b l e  d e r a t i n g  i f  conver ted  
t o  c o a l  or CWM. The h o r i z o n t a l  convec t ion  passes  o f  such a u n i t  have closer 
tube-to- tubeside spac ings  than  t h o s e  of e i t h e r  C a t e g o r i e s  A or B b o i l e r s .  The 
most c r i t i c a l  d i s p a r i t y  l i e s  i n  the f u r n a c e  des ign .  A Category C u n i t  has  l i t t l e  
or no p r o v i s i o n  for a s h  c o l l e c t i o n  or removal, and t h e  furnace  is inadequate ly  
s i z e d  t o  reduce t h e  p o t e n t i a l  f o r  s l a g g i n g  a s s o c i a t e d  w i t h  c o a l  f i r i n g .  The hop- 
p e r  s l o p e  i s  very  sha l low (or  n o n e x i s t e n t ) ,  and t h e  lower furnace  t h r o a t  opening 
( i f  any) i s  minimal. Burner s p a c i n g s  are g e n e r a l l y  c l o s e ,  and t h e  d i s t a n c e  from 
t h e  lowes t  burner  l e v e l  t o  t h e  hopper  knuckle  (or t o  t h e  furnace  f l o o r )  is gen- 
e r a l l y  inadequate .  Both of  t h e s e  f e a t u r e s  r e s u l t  i n  a high furnace  s l a g g i n g  
p o t e n t i a l .  However, t h e  most c r i t i c a l  d e s i g n  l i m i t a t i o n  i n  e v a l u a t i n g  t h e  con- 
v e r s i o n  o f  a Category C u n i t  t o  f i r i n g  c o a l  or a coal-der ived f u e l  i s  t h e  inade-  
q u a t e  f u r n a c e  p l a n  a r e a .  M o d i f i c a t i o n s  t o  t h e  furnace  hopper and burner  p a t t e r n  
i n  many c a s e s  prove f e a s i b l e  and c a n  minimize d e r a t i n g .  This  is a l s o  o f t e n  t h e  
c a s e  w i t h  respac ing  of  t h e  convec t ion  p a s s e s ,  as was i n d i c a t e d  i n  t h e  prev ious  
d i s c u s s i o n  concerning a Category B u n i t .  
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However, furnace  p l a n  a r e a  enlargement  i s  not  f e a s i b l e  e i t h e r  p h y s i c a l l y  O r  
economical ly .  Thus t h e  d e r a t i n g  f o r  a Category C u n i t  i s  more s e v e r e  than  t h a t  
a s s o c i a t e d  with t h e  prev ious ly  d i s c u s s e d  b o i l e r  des igns .  Moreover, p ressure-par t  
modi f ica t ions ,  w i t h i n  t h e  realm of  t e c h n i c a l  and economic f e a s i b i l i t y ,  cannot  a l -  
l e v i a t e  t h e s e  load r e s t r i c t i o n s .  

Conversion P o t e n t i a l .  T y p i c a l l y ,  convers ion  of a Category C u n i t  t o  f i r i n g  
pulver ized  coa l  would i n v o l v e  a d e r a t i n g  t o  50 t o  60 percent  of d e s i g n  output  be- 
cause  o f  furnace and convec t ion  pass  d e s i g n  l i m i t a t i o n s  p r e v i o u s l y  i d e n t i f i e d .  
CUM p r e s e n t s  t h e  b e t t e r  convers ion  a l t e r n a t i v e  f o r  a Category C u n i t .  Because o f  
t h e  a s h  and s u l f u r  r e d u c t i o n  t h a t  o c c u r s  d u r i n g  t h e  f u e l  p r e p a r a t i o n  process ,  
s l a g g i n g  and f o u l i n g  p o t e n t i a l  i s  c o n s i d e r a b l y  reduced.  Even so, u n i t  ou tput  may 
be r e s t r i c t e d  t o  approximately 70 t o  80 p e r c e n t  of  d e s i g n  r a t i n g .  

Table  2 presents  a summary of  t h e  t y p i c a l  f e a s i b l e  u n i t  d e r a t i n g s  f o r  c o a l  and 
CWM and f o r  each type  b o i l e r .  

Table  2 Maximum Allowable Load, 4, 

Category 

A B C - - Fuel  

Coal 100 70 50 - 60 

CWM 100 80 - 90 70 - 80 

Balance-of-Plant C o n s i d e r a t i o n s  

The u t i l i z a t i o n  o f  e i t h e r  c o a l  o r  CWM i n  a b o i l e r  f u e l  convers ion  p r o j e c t  
s i g n i f i c a n t l y  a f f e c t s  t h e  r e q u i r e d  balance-of-plant  equipment ,  impact ing both  t h e  
c a p i t a l  c o s t  of t h e  convers ion  and t h e  s i t e  requi rements .  Each of  t h e  f u e l s  
s t u d i e d  has  been examined i n  terms o f  t h e  balance-of-plant  c o n s i d e r a t i o n s  a r i s i n g  
from a p o t e n t i a l  convers ion  p r o j e c t .  The scope and c o s t s  of  such equipment v a r y ,  
depending on t h e  o r i g i n a l  d e s i g n  f u e l  f o r  each s p e c i f i c  u n i t .  

Balance-of-plant  c o n s i d e r a t i o n s  must ,  a t  t h e  very  l eas t ,  inc lude :  

0 Refurbishment o f  coa l -handl ing  equipment ( i f  i t  e x i s t s )  

0 Fuel  handl ing  

0 Land requi rements  ( c o a l  yard  and a s h  d i s p o s a l )  

0 Fan systems 

I 
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e Ash c o l l e c t i o n ,  s t o r a g e ,  and removal systems 

F l y  ash c o l l e c t i o n  

0 FGD system. 

Compared wi th  t o t a l  p l a n t  convers ion  c o s t s ,  b o i l e r / i s l a n d - r e l a t e d  work i s  
approximately 10 t o  20 p e r c e n t  of  t h e  t o t a l  p r o j e c t  c o s t .  However, t h e  steam 
g e n e r a t o r  remains t h e  primary c o n s i d e r a t i o n  f o r  p o t e n t i a l  d e r a t i n g .  

ECONOMICS OF CONVERSION 

An e v a l u a t i o n  of t h e  c a p i t a l  expenses  vs .  t h e  f u e l  sav ings  of a p o t e n t i a l  
convers ion  p r o j e c t  i s  unique  t o  t h e  s team g e n e r a t o r  under c o n s i d e r a t i o n .  Some 
genera l  o b s e r v a t i o n s  r e g a r d i n g  t h e  e f f e c t  of  b a s i c  u n i t  d e s i g n  c r i t e r i a  and s i te  
c o n s i d e r a t i o n s  have been d i s c u s s e d .  Such g e n e r a l i t i e s  a r e  not  p o s s i b l e  regard ing  
t h e  s p e c i f i c  economics of a convers ion .  To provide  a n  i n d i c a t i o n  of t h e s e  eco- 
nomics, a s p e c i f i c  u n i t  h a s  been s e l e c t e d  as a t e s t  c a s e  f o r  comparison of con- 
v e r s i o n  t o  c o a l  o r  CUM. The a n a l y s i s  is s p e c i f i c  t o  t h a t  u n i t  bu t  t h e  methods 
w i l l  be common t o  any c o n v e r s i o n  p r o j e c t .  

The s e l e c t e d  Category B steam g e n e r a t o r  i s  a n a t u r a l - c i r c u l a t i o n ,  balanced-  
d r a f t ,  r e h e a t  u n i t  u t i l i z i n g  a p a r a l l e l  pass  gas  f low arrangement. The u n i t ,  
o r i g i n a l l y  des igned  t o  f i r e  o i l  as t h e  primary f u e l ,  could be  conver ted  t o  c o a l  
f i r i n g  i n  t h e  f u t u r e ,  because  of  t h e  r e l a t i v e l y  l a r g e  f u r n a c e  p l a n  a r e a ,  t h e  
l a c k  of lower f u r n a c e  r a d i a n t  s u p e r h e a t e r  s u r f a c e ,  and t h e  presence  of  a lower 
furnace  hopper  wi th  an adequate  a n g l e  of s lope .  

As discussed  earlier a u n i t  of t h i s  type--even wi th  t h e s e  d e s i g n  fea tures - -  
r e q u i r e s  some p r e s s u r e - p a r t  m o d i f i c a t i o n  t o  achieve  f u l l  load output  i f  con- 
v e r t e d  t o  c o a l  o r  CWM f i r i n g .  In t h i s  i n s t a n c e ,  t h e s e  m o d i f i c a t i o n s  c o n s i s t  o f :  

0 Some h o r i z o n t a l  convec t ion  s u r f a c e  respac ing  

e An upper furnace  r a d i a n t  s u p e r h e a t e r  i n s t a l l a t i o n  ( t o  reduce  furnace  e x i t  gas  
temper a t  u r  e ) 

e Burner  respacing.  

The c o s t  of  t h e s e  i t e m s ,  a l t h o u g h  h igh ,  is not  s u b s t a n t i a l  when compared 
wi th  t o t a l  p r o j e c t  c o s t s  o r  wi th  t h e  c o s t  of replacement  power purchased i n  t h e  
event  of  a d e r a t i n g .  

Table  3 summarizes an economic e v a l u a t i o n  of t h e  convers ion  a l t e r n a t i v e s  
be ing  considered.  S e v e r a l  c o n c l u s i o n s  are e v i d e n t  from a d e t a i l e d  review o f  t h e  
t a b l e :  

0 A s  i n d i c a t e d  p r e v i o u s l y ,  t h e  c o s t  o f  t h e  b o i l e r  m o d i f i c a t i o n s  necessary  t o  
avoid d e r a t i n g  of a u n i t  o f  t h i s  t y p e  i s  approximately 10 percent  o f  t o t a l  
convers ion  c o s t s  and i s  t h u s ,  i n  t h i s  c a s e ,  economical ly  j u s t i f i a b l e .  
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0 Both f u e l s  present  v i a b l e  convers ion  o p t i o n s ,  even i f  on ly  50 p e r c e n t  of  t h e  
accrued  f u e l  sav ings  a r e  recoverable  toward payback of  c a p i t a l  inves tment .  

The t o t a l  c a p i t a l  c o s t  of a convers ion  t o  p u l v e r i z e d  c o a l  i s  s i g n i f i c a n t l y  
h i g h e r  than  convers ion  t o  CWM, p r i m a r i l y  because o f  t h e  expense of a c o a l  
yard.  

Based on t h e  comparison of  benef i t - to -cos t  r a t i o s  of t h e  convers ion  f u e l s  con- 
s i d e r e d ,  CWM i s  t h e  more economical ly  j u s t i f i a b l e  convers ion  o p t i o n .  

e 

F o s t e r  Wheeler and i t s  fami ly  of  companies i s  d e d i c a t e d  t o  t h e  commercial- 
i z a t i o n  o f  CWM a s  a b o i l e r  f u e l ,  a s  evidenced by our  p a r t i c i p a t i o n  i n :  

0 B o i l e r  conversion d e s i g n  s t u d i e s  

e Burner  development 

e 

0 Fuel-product ion p l a n t  d e s i g n  

0 Small  u t i l i t y  convers ion  demonst ra t ion .  

Cos1 c l e a n i n g  and s l u r r y  p r e p a r a t i o n  

F o s t e r  Wheeler  v i e w s  CUM a s  o n e  o f  t h e  most  p r o m i s i n g  a l t e r n a t i v e s  t o  
f o r e i g n  o i l  dependence w h i l e  u s i n g  one of t h e  most abundant r e s o u r c e s  a v a i l a b l e  
i n  t h e  Western Hemisphere. 

\ 
\ 

1 

Figure I P o t e n t i a l  Problem Area. i n  R e c r o f i t t m g  an Oil-Pired Furnace t o  CUP F i r i n g  
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Table  3 Conversion Economics E v a l u a t i o n  

Fue 1 

Annual Fuel  Cos ts  

Annual F u e l  Savings 
(vs .  O i l )  

Recoverable  P o r t i o n  
of Savings  

L e v e l i z e d  Annual 
P r e s e n t  Worth of  
Recoverable  Savings  

C a p i t a l  Equiva len t  of 
Recoverable  Savings  

Conversion Cos ts  
Fuel  System 

B o i l e r  M o d i f i c a t i o n  

Ash Systems 

FGD System 

Tot  a1  
(W/O FGD) 

$ M i l l i o n  

Coal CWM 

39.1 70.1 

61.4 36.4 

3 3 . 1  18.2 

51.9 28.1 

259.5 140.5 

96.4 9 .3  

4.7 2.3 

18.4 16.2 

41.7 41.7 

161.2 69 .5  
(119.5) (27.8) 

C a p i t a l  Payback P e r i o d ,  y e a r s  3.1 
(W/O FGD) (2 .3)  

Benef it-to-Cos t Rat i o  
(W/O FGD) 

2 .5  
(1.0) 

1.6:1 2 : l  
( 2 . 2 : l )  ( 5 . 1 : l )  
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